A glycosphingolipid (GSL) with blood group P1 activity was isolated recently from erythrocyte stroma (8) and the P and Pk antigens were identified as the GSL globoside and trihexosyl ceramide (Table 2) , respectively, on the basis of hemagglutination inhibition studies (9). The identification of trihexosyl ceramide as the pk antigen was surprising, since this antigen is detectable by immunological techniques only in rare phenotypes, but this compound is present in all normal human red cells (10) (11) (12) (13) (16) . The acetylated neutral GSLs (fraction 3) were subjected to analytical and preparative thin-layer chromatography (TLC) on precoated silica gel plates (E. Merck Laboratories, Inc.) with the following solvent systems: dichloroethane-methanol 95:5 (vol/vol) first development, and dichloroethane-methanol 105:3 (vol/vol) second development. a-Naphthol and resorcinol (17, 18) reagents were utilized to detect neutral GSLs and gangliosides, respectively. For preparative TLC the plates were pre-washed with chloroformmethanol-water, 50:50:15 (vol/vol), and analytical samples of the erythrocyte GSLs and standard compounds were applied to one edge of the plate. The segment of the plate containing the analytical samples was separated from the plate with a glass cutter and the GSLs were detected with the a-naphthol reagent. Glycolipids were eluted from the silica gel with chloroformmethanol (1:1, vol/vol) and trimethylsilyl derivatives were prepared for gas chromatographic analysis as described previously (8) with the following modification. After extraction of the fatty acid methyl esters with hexane, N-acetylation of hexosamines was performed by the method of Etchison and Holland (19). Unsubstituted fatty acids were separated from hydroxy fatty acids (15) prior to analysis by gas chromatography.
The human blood group P antigens were demonstrated originally on erythrocytes (1) (2) (3) (4) and detected subsequently on fibroblasts and lymphocytes (5, 6) . The blood group system consists of three antigens (Table 1) ; two common phenotypes P1 and P2; and three rare phenotypes, Pi, Pk, and p (7) . Virtually all erythrocytes possess the P antigen and approximately 75% of individuals have the PI antigen. Erythrocytes of the pk phenotype lack the P antigen and p individuals lack all P antigens.
A glycosphingolipid (GSL) with blood group P1 activity was isolated recently from erythrocyte stroma (8) and the P and Pk antigens were identified as the GSL globoside and trihexosyl ceramide (Table 2) , respectively, on the basis of hemagglutination inhibition studies (9) . The identification of trihexosyl ceramide as the pk antigen was surprising, since this antigen is detectable by immunological techniques only in rare phenotypes, but this compound is present in all normal human red cells (10) (11) (12) (13) . In order to provide independent evidence concerning the chemical nature of the pk and P antigens we have analyzed the GSL of Pk, Pk, and p erythrocytes. The Plk erythrocytes possess increased quantities of trihexosyl ceramide and virtually no globoside, and p erythrocytes contain increased amounts of lactosyl ceramide and no measurable globoside or trihexosyl ceramide.
MATERIALS AND METHODS
Glycosphingolipid Standards. The purified GSLs used as standard compounds have been described previously (8, 9, 14) .
Isolation and Analysis of Glycosphingolipids. (17, 18) reagents were utilized to detect neutral GSLs and gangliosides, respectively. For preparative TLC the plates were pre-washed with chloroformmethanol-water, 50:50:15 (vol/vol), and analytical samples of the erythrocyte GSLs and standard compounds were applied to one edge of the plate. The segment of the plate containing the analytical samples was separated from the plate with a glass cutter and the GSLs were detected with the a-naphthol reagent. Glycolipids were eluted from the silica gel with chloroformmethanol (1:1, vol/vol) and trimethylsilyl derivatives were prepared for gas chromatographic analysis as described previously (8) with the following modification. After extraction of the fatty acid methyl esters with hexane, N-acetylation of hexosamines was performed by the method of Etchison and Holland (19) . Unsubstituted fatty acids were separated from hydroxy fatty acids (15) prior to analysis by gas chromatography.
Washed packed erythrocytes obtained from 150 ml of blood from a Japanese p donor (20) and from 10 ml of blood from a P2' donor were lysed in a large volume of 3 mM acetic acid, lyophilized, and extracted with chloroform-methanol 2:1 and 1:1 (vol/vol). The dried lipid extract was acetylated and fractionated on Florisil and the acetylated GSLs (fraction 3) were deacetylated. A portion of the GSL was separated into neutral and acid fractions by chromatography on DEAE-Sephadex.
RESULTS
The neutral GSLs obtained from the erythrocytes of Japanese Pk and p individuals differ strikingly from those of four normal Japanese individuals (Fig. 1) . Globoside, the most abundant GSL of normal erythrocytes (10) (11) (12) (13) , is present in trace quantities in both p and pk cells, and the p cells also lack measurable quantities of trihexosyl ceramide. The concentration of lactosyl ceramide is markedly elevated in the p erythrocytes and trihexosyl ceramide is increased in pk cells. Similar abnormalities were found in the GSL of American Pk.and p individuals (TLC not shown) and analyses of the carbohydrate components of Tables S and  4 . Although there appear to be traces of globoside and trihexosyl ceramide in the GSL of p erythrocytes (Fig. 1) , and of globoside in the pk cells, these compounds were not detectable by chemical analysis. The compound moving just below the globoside position in the p cells is paragloboside. This GSL appears to be increased in p erythrocytes but it is difficult to measure accurately in normal cells because it is not readily separable by TLC from globoside, which is present in much higher concentration. The P erythrocytes also appear to contain increased quantities of slow-moving neutral GSLs which contain fucose and glucosamine, probably blood group ABH compounds (21) . Lactosyl ceramide is resolved by TLC into two bands ( Fig. 1 ) which differ in their ceramide moieties (22) ; the upper band accounted for most of the increase in the cells from both p individuals.
The fatty acid composition of the neutral GSL was in keeping with previous reports (11, 12, 22) and the data for only lactosyl ceramide are presented in Table 5 Indicates not detected.
Expressed as,4mol/100 ml of packed erythrocytes. component contains mostly C16 and CIS fatty acids (22) . The
proportions of these components in normal individuals are variable, and the data in Table 5 are from the total lactosyl ceramide of a normal person whose erythrocytes contained a predominance of the slower component. Globoside must be synthesized from lactosyl ceramide and trihexosyl ceramide that contain long-chain fatty acids, and when this pathway is blocked in p cells part of the excess lactosyl ceramide is converted to paragloboside and its derivatives (Fig. 3) . The predominance of long-chain fatty acids in the latter GSL might indicate that the transferase that adds GlcNAc to lactosyl ceramide has a greater affinity for the compound that contains long-chain fatty acids, or that there may be compartmentalization of the biosynthetic pathway, i.e., the transferases that synthesize the more complex GSL may have access only to lactosyl ceramide containing long-chain fatty acids. Hara and Taketomi (26) recently discussed the possibility that the ceramide portion of equine kidney sphingolipids regulates their metabolic interconversions. The erythrocytes of p and pk individuals appear to be structurally and functionally normal despite their abnormal GSL content, possibly because the total GSL content of these cells is approximately equivalent to that of normal erythrocytes (Table 4) . Most of the erythrocyte ABH antigens are GSL (27, 28) , and "Bombay" cells, which lack ABH antigens, also have a normal life span, in contrast to the accelerated destruction of erythrocytes lacking the Rh antigen complex, which is thought to be a lipoprotein (reviewed in ref. 29) . Erythrocytes from individuals with congenital dyserythropoietic anemia Type II (HEMPAS) also have an abnormal GSL composition (30), but it is not known whether this abnormality is related to their shortened life span.
Trihexosyl ceramide and globoside are present in many human tissues (31) , and the PI and P antigens were recently detected on fibroblasts and lymphocytes (6) . Skin fibroblasts of pk and p individuals lack immunologically detectable P antigen, and the fact that these individuals produce antibodies against the GSLs missing from their erythrocytes suggests that all of their tissues may lack these glycolipids. An extract of a gastric carcinoma from the first p [Tj(a-)] individual described (2) was found to possess some P antigenic activity, but the meaning of this observation is unclear. The carcinoma may have expressed a P antigen that was not expressed on other somatic cells, the deficiency in globoside may be less marked in the stomach than in erythrocytes, or the alterations in GSL 
